Understanding the habitat needs of White Eared-pheasant Crossoptilon crossoptilon and Blood Pheasant Ithaginis cruentus is important for their conservation. We carried out field surveys of the two pheasants around Zhujie Monastery, Daocheng County, Sichuan Province, China, using line transects. In total, 172 200 × 200 m grid squares were obtained, including 56 active and 116 inactive ones for White Eared-pheasant and 45 active and 127 inactive ones for Blood Pheasant. We analysed the occurrence of both species by logistic multiple regression. The most important variables in model 1 for White Eared-pheasant were distance to nearest permanent water, shrub cover, tree cover, tree height and herb cover. In model 2 for Blood Pheasant, distance to nearest permanent water, shrub cover, herb cover and herb height were most important. The occurrence of both pheasants was negatively related to distance to nearest permanent water and herb cover, and positively related to shrub cover. The occurrence of White Eared-pheasant was positively related to tree cover and tree height, and that of Blood Pheasant to herb height. Water, food and predation risk were the main ecological factors affecting the species' distribution. Based on the two predictive models, conservation management was proposed, to include management of selectively-logged areas and substituting other energy sources, such as electricity, for firewood.
Introduction Introduction Introduction Introduction Introduction
White Eared-pheasant Crossoptilon crossoptilon and Blood Pheasant Ithaginis cruentus are respectively listed in CITES Appendix I and II (2003) and as national second-grade wildlife for protection of China (Zheng and Wang 1998) . They are found mainly in south-west China and occur in coniferous forests, coniferous-deciduous forests and subalpine shrubs (Cheng et al. 1978) . White Eared-pheasant typically inhabits areas from 3,000 to 4,300 m a.s.l. and Blood Pheasant from 2,000 to 3,500 m (Cheng et al. 1978) . Gema et al. (1999) described White Eared-pheasant habitat as conifer forests (Picea spp.), conifer-deciduous mixed forest and shrub (Rhododendron spp.). Zheng (2001, 2002) found that a congener, Tibetan Eared-pheasant Crossoptilon harmani, preferred coniferous-deciduous forest and scrub environments, and provided information on this species' reproductive ecology (egg morphology, egg size, clutch size, reproductive success and nest-site habitat (Lu and Zheng 2003) . Jia et al. (1999 Jia et al. ( , 2000 Jia et al. ( , 2003 studied habit, social organization and breeding biology of Blood Pheasant, but there have been no detailed studies of habitat selection of the two species.
As common linear models cannot successfully predict distribution (Morrison et al. 1987) , predictive models for animal distribution, including logistic regression, have been applied and developed in recent years (Augustin et al. 1996 , Boyce and MacDonald 1999 , Guisan and Zimmermann 2000 , Pearce and Ferrier 2000 , Manel et al. 2001 , Boyce et al. 2002 . Logistic regression was first used in multivariable analysis in 1967 (Hosmer and Leweshow 1989) , since when it has been a standard method for dichotomous data regression analysis in many fields. Recently many studies on birds have applied this method to assess habitat selection and predict distribution (Osborne and Tigar 1992 , Li et al. 1999 , Franco et al. 2000 , McFaden and Capen 2002 . One obvious characteristic of these studies was that logistic regression allowed multiple factors to be analysed together, to predict the animal's distribution.
The aim of this study, therefore, was to characterize the habitat preferences of the two species, using logistic regression to study habitat selection and predict their distribution. We hypothesized that some differences in habitat preferences between these two sympatric species should exist.
Methods

Methods Methods Methods Methods
Fieldwork was conducted during January to April 2003 around Zhujie Monastery (29°09′N, 100°10′E) in Daocheng County, Sichuan Province, China (Figure 1 ). Zhujie Monastery lies in the central part of the Hengduan mountains. White Eared-pheasant and Blood Pheasant occur together in the study area. The study area comprised 688 ha on a south-facing slope of 3,850 m to 4,900 m in elevation. The study area was dominated by oak Quercus apuifolioides trees and shrubs, surrounded by farmland, meadow and rocks. Understorey vegetation was sparse, with few shrubs or herbs. We divided the study area into three parts: the higher elevations (4,300-4,900 m) were dominated by ice and rocks, the mid-elevations (3,900-4,300 m) by oak trees and shrubs, and the lower elevations (3,850-3,900 m) by meadows, village and farmland. Several unpaved roads connect the village with Zhujie Monastery. Three streams originating from the melting ice on the top of the mountain bisected the study area. Mean annual temperature in the area is 8.5 °C and mean annual precipitation is 1,130 mm.
We divided the study area into 172 grid squares, each 200 × 200 m. We used line transects to traverse the entire study area to determine the presence of each species in the grid squares. Each transect line was surveyed twice during the whole survey period, to reduce the underestimation of presence. In addition, in order to find more individuals of the two species, we randomly selected some transects that ran obliquely up and down the mountain to cover the altitudinal range of a specific plant community (Lu and Zheng 2001) .
Our surveys were conducted from 08h00 to 12h00 and from 14h00 to 19h00 each day and we did not survey during periods of inclement weather. Our walking speed averaged 1.5-2.0 km/h. We walked several west-east transects at intervals of 200 m, and obtained a 200 × 200 m grid every 200 m by using perpendicular transects. When we walked along each transect we recorded the number and the positions of individuals of each species within 50 m of both sides of the transect line. Both White Eared-pheasant and Blood Pheasant were rarely disturbed by human presence even if the distance from human to pheasant was only 10 m (pers. obs.) The vegetation cover in the study area was sparse; therefore, both species were easy to observe.
According to our field experience and the methods provided by Lu and Zheng (2001) and Xu et al. (2002) , we randomly made nine 10 × 10 m plots to measure variables for trees, five 2 × 2 m plots in each 10 × 10 m plot for shrubs and two 1 × 1 m plots in each 2 × 2 m plot for herbs in each grid. Based on our field observations and information on White Eared-pheasant and Blood Pheasant, we measured the following variables among the great number of habitat characteristics that may have affected the distribution of the two species: latitude and longitude (measured with a GPS receiver); elevation (measured with an altimeter); degree of slope (measured with a clinometer); aspect of slope (measured with a compass); tree cover (%); shrub cover (%); herb cover (%); tree diameter at breast height (cm); tree height (m); shrub height (m); herb height (cm); distance to nearest permanent water (m); distance to nearest human settlement (m); distance to nearest unpaved road (m); cover of fallen leaves (%) and depth of fallen leaves (cm). In each plot, we estimated percentage cover with an ocular tube, and measured the height of plants using an altimeter (for trees) and a ruler (for shrubs and herbs) (Lu and Zheng 2001) . Mean values of the above variables measured in all plots of each grid represented the values for the grid.
Data analysis
We defined a dichotomous response variable as '0' if the species was absent from the grid (inactive grids) and '1' if at least one individual was present in the grid (active grids). In all the 172 grid squares, 64 were surveyed nine times during the whole study period. By using the program PRESENCE (developed by Darryl Mackenzie of Proteus Research & Consulting), we calculated single-season detection probabilities of the two species based on whether they were found in the above 64 grid squares on each survey. Independent-sample t-tests were used to determine the variables with significant differences between active and inactive grids if the data met assumptions of normality (one-sample Kolmogorov-Smirnov test, P > 0.05), and Mann-Whitney U-tests were used if not (Xu et al. 2002) . Spearman rank correlations (two-tailed) were used to determine whether these variables were correlated. If the absolute values of correlation coefficients among the above variables were equal to or more than 0.60, the important variables in biological implications were retained (Lahaye and Gutierrez 1999) . We used Moran's I coefficients of the retained variables to assess spatial autocorrelation (Turner et al. 1990) . The retained variables, as independent variables, were used to conduct logistic regression models (Method: Enter) (Augustin et al. 1996 , Li et al. 1999 , Franco et al. 2000 . According to the methods provided by Hosmer and Leweshow (1989) , Li et al. (1999) and Wang (2003) , we conducted Hosmer and Leweshow tests, calculated the values of optimal cut-off points and the values of m 1 , m 2 , n 1 , n 2 , mn 1 , mn 2 and n for the two models in order to assess their goodness-of-fit. Finally, we mapped the probabilities of occurrence for the two pheasants in the study area according to the two logistic regression equations by using the software ArcView GIS 3.2 (Environmental Systems Research Institute, 1999). We used SPSS10.0.1 for Windows (SPSS, 1999) to conduct all statistical analysis.
Results
Results Results
Habitat preferences
The proportions of sites occupied by White Eared-pheasant and Blood Pheasant respectively were 0.891 and 0.781, and detection probabilities were 0.819 and 0.753. Environmental variables were not normally distributed, and all efforts to transform them failed. Therefore, Mann-Whitney U-tests was used. For White Eared-pheasant, distance to nearest permanent water, shrub cover, shrub height, tree cover, tree height, tree diameter at breast height and herb cover differed significantly between active and inactive grids. For Blood Pheasant, distance to nearest permanent water, shrub cover, shrub height, herb cover and herb height differed significantly ( Table 1) . Based on the absolute values of correlation coefficients and the biological implications of the above variables (Table 2) , we retained distance to nearest permanent water, shrub cover, tree cover, tree height and herb cover as independent variables in (Table 3) , which suggested that the lag we designed was reasonable. We obtained logistic regression models for both species ( Table 3) . The occurrence of the two pheasants was negatively related to distance to nearest permanent water and herb cover, and positively related to shrub cover. The occurrence of White Eared-pheasant was positively related to tree cover and tree height and that of Blood Pheasant to herb height.
Assessing goodness-of-fit
Hosmer and Leweshow goodness-of-fit tests divided subjects into deciles based on predicted probability, then computed a chi-square from observed and expected frequencies. P values of the models (model 1: x 2 = 6.829, df = 8, P = 0.555; model 2: x 2 = 11.583, df = 8, P = 0.171) were computed from the chi-square distribution with eight degrees of freedom and indicated that the logistic models for the species were good fits (Hosmer and Leweshow 1989) . Results also showed that cut-off points that optimized the correct classifications were 0.3 for the two models. For White Eared-pheasant (m 1 = 45; n 1 = 11; mn 1 = 56; n 2 = 25; m 2 = 91; mn 2 = 116; n = 172), CT ([m 1 + m 2 ]/n) was 79.1%, which was considered as the accuracy of the model; CP (m 1 /mn 1 ) for grids observed to be active was 80.4%; CA (m 2 /mn 2 ) for grids observed to be inactive was 78.4%. For Blood Pheasant (m 1 = 37; n 1 = 8; mn 1 = 45; n 2 = 24; m 2 = 103; mn 2 = 127; n = 172), the values of CT, CP and CA were 81.4%, 82.2% and 81.1%, respectively. The values of CT, CP and CA for the two models showed that they both had a generally satisfactory accuracy. Probabilities of occurrence for the two pheasants according to the two logistic regression equations were consistent with our observations (Figure 2) .
Discussion
Discussion Discussion Discussion Discussion
The use of presence/absence data in wildlife management and biological survey is frequent, but there is growing interest in quantifying the sources of error associated with these data. Tyre et al. (2003) showed that false-negative errors (failure to record a species when in fact it was present) could have a significant impact on statistical estimation of habitat models using simulated data. We could correct estimates of the probability of occurrence for false-negative errors by repeating visits. Up to 6 times the effort might be required to correct for the presence of false-negative errors in presence-absence data (Tyre et al. 2003) . The relatively high detection probabilities of White Eared-pheasant and Blood Pheasant and the nine visits made to some grid squares ensured that our results for habitat selection by the two species were precise and reliable. The selected models predicted the distribution of the species well. Most White Eared-pheasant and Blood Pheasant observation points were located in areas with high probabilities of occurrence. Both species preferred sites close to water, with higher shrub cover and lower herb cover. White Eared-pheasant occurred in woodland while Blood Pheasant seldom did. Blood Pheasant preferred the sites with higher herb height but this was not important for White Eared-pheasant. The above differences in habitat preference between the two species supported our previous assumption.
The presence of both species was closely related to water, as noted by previous studies on White Eared-pheasant Zheng 2001, 2002) and Blood Pheasant (Jia et al. 1999 (Jia et al. , 2000 . Solar radiation and south-facing slopes result in most of the study area being rather dry and the relatively dense shrubs near streams result in more abundant food and better shelter. As a result, areas near stream belts were the preferred habitat Zheng 2001, Jia et al. 2003) . Other studies confirm such associations between galliformes and wet areas (Sather-Blair and Liner 1980, Young et al. 1991) . Both species preferred sites with higher shrub cover, confirming previous studies on White Eared-pheasant Zheng 2001, 2002) and Blood Pheasant (Jia et al. 2003) . According to our observations, the two pheasants were at a higher risk of predation by Himalayan Griffon Gyps himalayensis. High shrub cover may play a key role in providing refuge Zheng 2002, Jia et al. 2000) . We also detect a significant negative relationship between the presence of the two pheasants and herb cover, suggesting the two birds seldom venture into meadows. Open fields can put eared-pheasants at higher predation risk (Lu and Zheng 2001) . Bland and Temple (1990) demonstrated that raptors have a strong influence on habitat use by birds feeding in open fields. In addition, grazing cattle in the meadows might affect use by both species. This has been reported in Vietnam where grazing cattle have a strong negative effect on Green Peafowl Pavo muticus (Brickle 2002) .
The fact that wooded areas are the preferred sites of White Eared-pheasant is confirmed by some previous studies (Gema et al. 1999 , Lu and Zheng 2001 , 2002 . However, studies have also shown this to be the case for Blood Pheasant (Jia et al. 
1999, 2000)
, which is not consistent with our study. We speculate that this discrepancy can be attributed to the layer structure of trees. Previous studies were in forest with a relatively dense understorey (Jia et al. 2000) , providing foraging places for pheasants pecking plants near the ground (Jia et al. 2003) . However, almost no understorey vegetation was found in wooded areas in our study. Shrub and herb cover were significantly negatively correlated with tree cover. We deduce that the shortage of available food near the ground in wooded areas causes Blood Pheasant to be absent from such places. On the other hand, this sparse understorey in woodland had little effect on the foraging of White Eared-pheasant, which digs up plant roots and invertebrates in the soil, because these are still available (Lu and Zheng 2001) . In fact, much of the ground in woodland in our study area was dug up by White Earedpheasants. We suggest that foraging differences between the two pheasants is one possible reason for the differences in habitat use.
Our study only included permanent water, not temporary water bodies. This may have led to an underestimate of suitable habitat for the two pheasants in some areas. Habitat use depends on more complex sets of subtle cues than indicated by the two models. Further research is needed to improve our understanding of habitat preferences. This study could have been improved by using polytomous regression that considers more than two categories for the response variable (Franco et al. 2000) .
Nevertheless, the two models are useful tools for proposing conservation actions for the two species in the study area. Although the variables of distance to nearest human settlement and distance to nearest unpaved road were not important factors, the development of local tourism may affect these species in the future. With the development of the national economy and the improvement in transport, increasing numbers of tourists will visit the village and the monastery. Tourism can support the development of the local economy, but more tourists will require greater amounts of firewood for heating and cooking. This may increase firewood collection and possibly damage woodland habitats. However, it is not possible to completely prohibit logging activities because local natural resources are limited. As a result, selective logging activities should be encouraged. The value of selectively-logged areas can remain high if illegal logging and firewood collection are strictly controlled. Additionally, other sources of energy, such as electricity could substitute for firewood to some extent.
